Context: Adrenal crisis is an endocrine emergency that requires prompt diagnosis and treatment. However, the clinical features and practice patterns of treatment for adrenal crisis are not completely understood. Objective: To investigate patient characteristics, comorbidities and treatments of adrenal crisis. Methods: We conducted a cross-sectional study of patients who received intravenous glucocorticoids for adrenal crisis at admission from 1 July 2007 to 31 March 2014, using a national inpatient database in Japan. Results: Among approximately 34 million inpatients in the database, we identified 799 patients diagnosed with adrenal crisis and coexisting primary or secondary adrenal insufficiency at admission. The median (interquartile range) age was 58 (28-73) years, and the overall in-hospital mortality was 2.4% (19 of 799 patients). The most common comorbidity at admission was infections excluding pneumonia and gastroenteritis (15.0%). There were 68 (8.5%) patients with gastroenteritis, and no deaths occurred among these patients. The patients with secondary adrenal insufficiency showed significantly higher proportions of admission to ICU, extracellular fluid resuscitation, insulin therapy and catecholamine use than the patients with primary adrenal insufficiency. There were no significant between-group differences in mortality rate and variation in intravenous glucocorticoids (short-acting glucocorticoid, hydrocortisone; moderate-acting glucocorticoid, prednisolone or methylprednisolone; long-acting glucocorticoid, dexamethasone or betamethasone). Of the 19 dead patients, 15 were aged above 60 years, 12 had impaired consciousness at admission and 13 received insulin therapy. Conclusions: Clinicians should be aware that older patients with impaired consciousness and diabetes mellitus are at relatively high risk of death from adrenal crisis.
Introduction
Adrenal crisis is a life-threatening emergent manifestation of adrenal insufficiency that requires prompt management (1, 2, 3, 4) . Currently, glucocorticoids are widely used in patients with various inflammatory or autoimmune diseases, as well as with primary or secondary adrenal insufficiency (5) . Long-term glucocorticoid therapy leads to hypothalamic-pituitary-adrenal axis suppression, resulting in adrenal crisis, when insufficient endogenous glucocorticoids are produced to meet the demand of physical or emotional stress (1, 2, 3, 4) .
Adrenal crisis is characterized by several nonspecific symptoms such as hypotension, hypovolemia, diarrhea, vomiting, abdominal pain, severe fatigue and hypoglycemia (1, 2, 3, 4) . However, validated diagnostic criteria for adrenal crisis have not been established owing to its rarity (1, 2, 3, 4) . In previous studies, adrenal crisis was defined as acute impairment of the general condition requiring hospital admission and intravenous glucocorticoid administration with or without fluid resuscitation (6, 7, 8, 9, 10) . The most common precipitating factor for adrenal crisis was infectious gastroenteritis because of insufficient oral glucocorticoid absorption disturbed by diarrhea and vomiting (1, 3, 4, 6, 7, 8, 9, 11) . Medications such as barbiturates, rifampicin and mitotane can also trigger adrenal crisis (1, 6, 12, 13) .
The current standard treatment for adrenal crisis is intravenous administration of hydrocortisone together with appropriate fluid resuscitation including 0.9% saline (1, 2, 3, 4) . Prednisolone can be an alternative if hydrocortisone is unavailable (3) . Although there have been several reports regarding the incidence, mortality, risk factors and prevention strategies of adrenal crisis (6, 7, 8, 9, 10, 11, 14, 15, 16, 17) , no studies have focused on describing the clinical practice patterns for treatment of this endocrine emergency owing to the lack of suitable databases. Furthermore, the differences in clinical features of adrenal crisis between primary and secondary adrenal insufficiency remain to be investigated.
To address these issues, the aims of the present study were to describe the clinical features and practice patterns of treatment for adrenal crisis including supportive measures, based on a national inpatient database in Japan.
Methods

Data source
The Diagnosis Procedure Combination (DPC) database is a national inpatient database including discharge abstract and administrative claims data in Japan. The data were collected for 6 months per year from 1 July to 31 December in the fiscal years 2007-2009, for 9 months per year from 1 July to 31 March in the fiscal year 2010, and for 12 months per year from 1 April to 31 March since the fiscal year 2011. The number of inpatient admissions in the fiscal year 2013 was approximately 7 million in 1061 hospitals and represented more than 50% of all inpatient admissions to acute-care hospitals in Japan. The database has been utilized for various fields of clinical research (18, 19, 20) . The diagnoses of diseases are accurately recorded by the attending physicians. The database includes the following data: patients' sex and age; primary and secondary diagnoses; comorbidities at admission; admission to intensive care unit (ICU); medications and procedures; Japan Coma Scale (JCS) at admission and discharge status (alive or dead). Diagnoses are recorded using International Classification of Diseases Tenth Revision (ICD-10) codes and text data in Japanese. The JCS scores comprise consciousness levels of 0 (alert consciousness), 1-3 (drowsy: wakefulness without any stimuli), 10-30 (somnolent: arousal by some stimuli) and 100-300 (comatose) (21) . The JCS scores are well correlated with the Glasgow Coma Scale scores (22) .
Ethical statement
The present study was approved by the Institutional Review Board at The University of Tokyo. Written informed consent was not required because of the anonymous nature of the data.
Patient selection
From the database, we retrospectively extracted the records for all patients who were diagnosed as adrenal crisis (ICD code, E27.2) with coexisting primary or secondary adrenal insufficiency at admission and received intravenous glucocorticoids from 1 July 2007 to 31 March 2014. Patients with a suspected diagnosis of adrenal crisis were excluded, because we considered that their data may not be well validated owing to the lack of detailed clinical information, such as symptoms, signs and biochemical findings, in the database.
Variables and main outcomes
We investigated patients' sex and age, JCS scores at admission, medications and requirements for supportive measures. Age was categorized into <20, 20- We identified the following comorbidities at admission: gastroenteritis; cardiovascular diseases; respiratory diseases including pneumonia; renal diseases; neuromuscular diseases; infections excluding pneumonia and gastroenteritis; rheumatic diseases; gastrointestinal diseases excluding gastroenteritis; hepatopancreatobiliary diseases; psychiatric diseases; cerebrovascular diseases; dementia; malignancy and trauma. We investigated the practice patterns for treating adrenal crisis in terms of variation in intravenous glucocorticoid therapy (short-acting glucocorticoid, hydrocortisone; moderate-acting glucocorticoid, prednisolone or methylprednisolone; long-acting glucocorticoid, dexamethasone or betamethasone). We also examined the use of mineralocorticoid (fludrocortisone), extracellular fluid (normal saline or Ringer's solution), intravenous glucose, glucagon, insulin, catecholamines (dopamine, noradrenaline, adrenaline and dobutamine), immune globulin, albumin, antithrombin and blood transfusion (red blood cells, fresh-frozen plasma and platelets). Supportive measures included mechanical ventilation and hemodialysis (i.e. intermittent or continuous renal replacement therapy).
Statistical analysis
We compared the patient characteristics between the two groups with primary and secondary adrenal insufficiency using the chi-square test or Fisher's exact test as appropriate. All tests were two-tailed, and P < 0.05 was considered statistically significant. All statistical analyses were performed using SPSS, version 22.0 (IBM).
Results
Clinical features of patients with adrenal crisis
Among approximately 34 million inpatient admissions during the study period, we identified 799 eligible patients. The clinical features of the patients in the subgroups are shown in Table 1 . The median (interquartile range) age in the overall, primary adrenal insufficiency and secondary adrenal insufficiency groups was 58 (28-73), 29 (7-68), and 61 (41-73) years respectively. The ratio of females to males was 1.02. The overall in-hospital mortality was 2.4% (19 of 799 patients). The patients with primary adrenal insufficiency were more likely to be younger than the patients with secondary adrenal insufficiency. The proportions of patients receiving thyroid hormone, vasopressin, growth hormone and testosterone were significantly higher in the patients with secondary adrenal insufficiency. In terms of medications possibly triggering adrenal crisis, three patients with primary adrenal insufficiency received inhibitors of adrenocortical steroid synthesis, one patient with secondary adrenal insufficiency received rifampicin and one patient with primary adrenal insufficiency received barbiturate. Among 248 patients with primary adrenal insufficiency, 20 (8.1%) were hospitalized twice, 6 (2.4%) were hospitalized three times and 4 (1.6%) were hospitalized more than four times. Similarly, among 551 patients with secondary adrenal insufficiency, 48 (8.7%) were hospitalized twice, 9 (1.6%) were hospitalized three times and 5 (0.9%) were hospitalized four times.
Comorbidities at admission
Infections were the most common comorbidity at admission, followed by respiratory diseases, gastroenteritis, cardiovascular diseases, gastrointestinal diseases and neuromuscular diseases ( Table 2 ). The proportion of patients with gastroenteritis was significantly higher in the patients with primary adrenal insufficiency than that in the patients with secondary adrenal insufficiency. Overall, 16 patients had both infections and respiratory diseases, and 3 patients had both infections and gastrointestinal diseases.
Clinical practice patterns for adrenal crisis
The clinical practice patterns for adrenal crisis are shown in Table 3 . Overall, the rate of admission to ICU was 5.3% (42 of 799 patients). The proportions of patients with admission to ICU, extracellular fluid resuscitation, insulin therapy and catecholamine use were significantly higher in the patients with secondary adrenal insufficiency. In contrast, the patients with primary adrenal insufficiency were more likely to receive mineralocorticoid. Overall, 43 patients were treated with both short-acting and moderate-acting glucocorticoid, and 17 patients were treated with both short-acting and long-acting glucocorticoid. Among the 562 patients with alert consciousness (JCS score 
Details of in-hospital deaths
Details of the in-hospital deaths in 19 patients with adrenal crisis are shown in Table 4 . Given the small sample size of dead patients, statistical comparisons were not performed. Among the 19 dead patients, 15 (78.9%) were aged above 60 years, 12 (63.2%) had impaired consciousness (i.e., JCS score above 1) at admission and 13 (68.4%) received insulin therapy.
Discussion
We examined 799 patients with adrenal crisis using a national inpatient database in Japan. Our data suggest that the spectrum of adrenal crisis ranges widely from low to high risk. Furthermore, our results provide an overview of the practice patterns of treatment for this endocrine emergency. In particular, the proportions of older patients, patients with impaired consciousness at admission and patients with diabetes mellitus receiving insulin were relatively high among the dead patients. Overall, 92 patients (11.5%) with adrenal crisis had experienced previous repeat admissions. These findings highlight the clinical importance of aging, consciousness level and coexisting other endocrine disorder, as well as the need for ongoing patient education to prevent adrenal crisis in the management of patients with adrenal insufficiency. To the best of our knowledge, the present study is the first of its kind to describe the treatment patterns, including intensive therapies, for adrenal crisis. The strength of our study, compared with previous studies, is the large number of patients with adrenal crisis evaluated. The large difference in mean age between the two types of adrenal insufficiency may have arisen because primary adrenal insufficiency, such as autoimmune Addison's disease and congenital adrenal hyperplasia, is commonly caused by gene mutations (2) , and thus, develops earlier in life. In contrast, the common causes of secondary adrenal insufficiency were reported to be pituitary adenoma and other intracerebral tumors (6, 11) . We therefore consider that the patients with secondary adrenal insufficiency were more likely to develop their disease later in life than the patients with primary adrenal insufficiency.
In the present study, the overall in-hospital mortality of adrenal crisis was 2.4%. In contrast, a recent prospective questionnaire survey in Germany showed that the adrenal crisis-related mortality of patients with primary or secondary adrenal insufficiency was 6.3% (four patients in 64 episodes of adrenal crisis) (11) . This discrepancy may be explained by the differences in sample size and study design between the previous questionnaire survey and the present study. Our study represents a real-world clinical setting based on a national database.
A previous study on adrenal crisis among inpatients aged above 20 years in Australia showed that the proportion of females was 62.5% (515 of 824 patients) (23) . Several other studies also indicated that female patients with adrenal insufficiency were at higher risk for adrenal crisis (6, 11, 14, 15) . In our study, the sex distribution of the patients with adrenal crisis was almost even, for unclear reasons.
Overall, approximately half of the patients with adrenal crisis were aged above 60 years, and older patients showed higher mortality. These findings highlight the importance of considering age when treating patients with adrenal insufficiency in the acute phase, because older patients are more likely to have several health problems and underlying comorbidities. For example, older patients with cognitive impairment may have difficulty in self-management of glucocorticoid stress doses when required (23) . Moreover, older patients do not necessarily show typical symptoms of infectious diseases such as fever, and thereby delay self-management of glucocorticoid stress doses and intravenous administration of glucocorticoid by attending physicians. Thus, these problems can lead to the development of severe adrenal crisis with eventual lethality.
Patients with adrenal crisis and coexisting impaired consciousness at admission had relatively high mortality. One possible explanation is the existence of a point of no return in adrenal crisis, reflecting the point at which even optimum treatment will no longer prevent death from adrenal crisis (1) . Consciousness level can be one of the criteria for determining the severity or grading of adrenal crisis. Notably, among the 19 dead patients, 7 patients (36.8%) had alert consciousness (JCS score 0) at admission. We speculate that these patients became worse after admission because they required supportive care including catecholamine, mechanical ventilation and hemodialysis. These findings indicate that if the diagnosis of adrenal crisis is missed, even patients with alert consciousness in the early phases may possibly die.
Gastroenteritis, other infectious disease, diabetes insipidus and psychiatric disease were previously reported to be precipitating factors for adrenal crisis (6, 11, 15) . In our study, 68 (8.5%) patients had gastroenteritis, and patients with primary adrenal insufficiency were more likely to have this comorbidity than patients with secondary adrenal insufficiency. No deaths were observed among the patients with gastroenteritis. We speculate that the patients with gastroenteritis were immediately treated with intravenous glucocorticoids because of apparent symptoms such as diarrhea and vomiting, resulting in prompt recovery. We further speculate that the diagnosis of gastroenteritis in adrenal crisis was potentially overestimated because the symptoms of this crisis, including nausea and vomiting, overlap with those of gastroenteritis and may be interpreted as acute gastroenteritis (23) .
Interestingly, some patients with adrenal crisis were treated with moderate-acting or longacting glucocorticoid combined with short-acting glucocorticoid. The reasons for the use of moderateacting or long-acting glucocorticoid were not recorded in the database by the attending doctors. Previous European studies also described that some patients with adrenal insufficiency received prednisolone or dexamethasone (mostly combined with hydrocortisone, prednisolone or cortisone acetate) for unknown reasons (6, 8, 11) . Additional studies are needed to clarify how physicians use different types of glucocorticoid in patients with adrenal crisis.
Compared with the patients with primary adrenal insufficiency, the patients with secondary adrenal insufficiency were more likely to receive intensive therapies including admission to ICU, extracellular fluid resuscitation, insulin therapy and catecholamine use. These findings suggest that the patients with secondary adrenal insufficiency may have developed more severe adrenal crisis than the patients with primary adrenal insufficiency. However, there were no significant between-group differences in mortality rate and variation in intravenous glucocorticoids. Moreover, our findings cannot provide recommendations regarding the optimal treatment for adrenal crisis because of the small number of deaths and the retrospective study design.
Among the 19 dead patients, 13 received insulin, 5 received thyroid hormone and 4 received vasopressin. These findings suggest that the patients with adrenal insufficiency and coexisting multiple endocrine disorders may have developed severe adrenal crisis. This interpretation is supported by previous evidence that patients with autoimmune polyglandular syndrome were at higher risk for developing adrenal crisis (24) .
Differences in the definition of adrenal crisis among studies can lead to heterogeneous results and interpretations. As a top priority, internationally uniform and validated diagnostic criteria for adrenal crisis should be established to serve as a platform for the advancement of research in this field. Although the present study did not include detailed endocrinological data, we believe that our findings based on large-scale data will provide clues toward better understanding of the clinical features of this impending crisis.
Several limitations to the present study should be acknowledged. First, the diagnoses of adrenal crisis recorded in our study may be less well-validated than those in prospective studies, because the database did not include detailed clinical information such as symptoms, vital signs and laboratory data. Second, the clinical outcomes might have been affected by unrecorded confounding factors as follows: dose and duration of glucocorticoid administration before admission; whether or not patients discontinued taking glucocorticoid before admission; severity and duration of stressful events and whether or not patients were educated to manage sick days to avoid adrenal crisis, and were equipped with a steroid emergency card to inform medical practitioners of the need for immediate parenteral glucocorticoid administration. Third, we were unable to confirm the causal relationship between the patient characteristics in our study and higher mortality in adrenal crisis because of the nature of the cross-sectional study. Fourth, although the DPC database included more than 50% of all inpatient admissions to acute-care hospitals in Japan, population representativeness may be limited because the patient selection was not based on a random sampling method. Fifth, age may be a confounding factor that should be adjusted when comparing the two types of patients. However, we could not perform a multivariable logistic regression analysis to evaluate the risk factors associated with in-hospital mortality, owing to the small number of non-survivors. This is because the ratio of the number of non-survivors to the number of candidate independent variables (i.e., sex, age, consciousness level, admission to ICU, variation in intravenous glucocorticoids and catecholamine use) was small (25, 26) . Finally, it was impossible to estimate the frequency of adrenal crisis in the study population with each etiology of adrenal insufficiency because the database did not include outpatient data. Despite these limitations, we believe that the present study serves to provide groundwork for future research in this field.
In conclusion, the present study suggests that clinicians should pay special attention to older patients with adrenal crisis and coexisting impaired consciousness and diabetes mellitus and treat them promptly and aggressively to prevent death from adrenal crisis. The necessary next steps are the establishment of internationally uniform and validated diagnostic criteria for adrenal crisis, and the establishment of a case registration system including detailed clinical information, with a view to achieving enhanced survival of this lethal endocrine emergency.
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